Abstract. Although Tinbergen found that red nuptial coloration of male three-spined stickleback, Gasterosteus aculeatus, elicited attack by other males, subsequent researchers have had difficulty replicating his results (Tinbergen 1948, Wilson Bull., 60, 6-51; 1951, The Study of Instinct. Oxford: Oxford University Press). Rowland et al. (1995, Anim. Behav., 50, 267-272) found that males tested in neutral tanks attacked a moderately coloured video image of a conspecific male more than either a bright or dull image in simultaneous presentations. These results suggest that a dual-effect process representing an interaction between aggression and fear might determine attack response. Based on this hypothesis, males tested in home tanks should attack the video images more than males tested in neutral tanks and should attack the brighter images most because their attack:fear ratio is higher. Males in their own territories spent more time attacking video images than males in neutral tanks. Males in their own territories also spent more time attacking the brighter image than they spent attacking either the moderate or the dull image. These results demonstrate the influence of spatial location on the response of male stickleback to rivals. Furthermore, a dual-effect model provides a heuristic tool for understanding the agonistic behaviour of male stickleback.
The effect of red nuptial coloration on territorial aggression of male three-spined stickleback has been the focus of much attention (Muckensturm 1968; Rowland 1982 Rowland , 1994 Baerends 1985; Rowland & Sevenster 1985; Collias 1990 ) ever since Tinbergen (1948 Tinbergen ( , 1951 concluded that red is a sign stimulus for aggression. This concept was based in part on the observation that a model of a male stickleback with a red ventral area elicited more attack from conspecific males than did models without red (ter Pelkwijk & Tinbergen 1937) . Subsequent experiments revealed, however, that red did not act merely as a releaser of aggression in this species (Peeke et al. 1969; Wootton 1971; Rowland 1982; Rowland & Sevenster 1985) , and it is difficult to conceive how a trait that releases attack from rivals would evolve through intra-sexual selection processes (Rowland 1982) .
We recently re-tested the response of male stickleback to variations in red coloration using video playback and offered an explanation for why males do not always attack the brighter red male (Rowland et al. 1995) . We found that males in a neutral tank spent more time attacking a moderately coloured image of a conspecific male when it was paired and presented with either a grey-tone or a brightly coloured video image of the same male. There was no difference, however, between the amount of time males spent attacking grey-tone or bright images when these were paired and presented together. We suggested that an interaction between aggression and fear, a dualeffect process, could explain the variability in response to red coloration. Under this model, brightly coloured males would stimulate high levels of both aggression and fear such that fear could decrease attacks. Dull-coloured males, however, would stimulate low levels of both aggression and fear, resulting in similarly lower levels of overt aggression. Moderately coloured males would elicit the most attacks, because they stimulate high levels of aggression but relatively low levels of fear.
In these initial video playback experiments (Rowland et al. 1995) , space limitation in our
